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Surface Erosion Equation Approach Using Energy Principles 
 
 
Hui-Ming Shih1, Chih Ted Yang2, and Mark Velleux3 
 
 
ABSTRACT 
 
Soil erosion in a watershed caused by water flow is a complex problem. Water flow in a watershed 
can cause hill slope erosion or land slide, debris flow erosion, and surface soil erosion. Surface 
erosion materials consist mainly of sand, silt, and clay. Surface soil erosion is an integrated process 
involving rainfall splash detachment, sheet flow erosion, inter-rill flow erosion and rill flow erosion. 
Both empirical and physically based approaches were used for the estimation of surface erosion 
rates. Their applications are mainly limited to small drainage areas or laboratory studies. This study 
presents a physically based model with the computed results verified by published laboratory and 
field experiment data. 
Bed load sediment transport formulas were recommended by Graf (1971), Foster and Meyer 
(1972, 1975) and Gilley (1985) for the estimation of surface erosion rate. Factors and mechanics of 
surface erosion were reviewed by Julien and Simons (1985) and Prosser and Rustomji (2000). This 
study uses variational mechanics based on energy dissipation rate or unit stream power to estimate 
erosion rate caused by overland flows. The coefficients used in the model will be calibrated by 
published laboratory data. Laboratory data used in the study include those published by Kilinc 
(1972), Gover (1985), Aziz and Scott (1989), and Guy (1990). 
In the study, the physically based soil erosion equations are developed using non-linear 
regression method. Their computed results and laboratory data agree with each other very well. A 
one dimensional overland flow diffusion wave model is used in conjunction with the soil erosion 
equation to simulate field experiment results (Barfield et al., 1983). The study concludes that the 
unit stream power method not only is a powerful tool for the analysis of sediment transport in 
alluvial channels but also performs well for the analysis of overland flow erosion processes. 
 
 
1. INTRODUCTION 
 
Soil erosion is a two-phase process consisting of detachment and transport of individual soil 
particles from a soil mass. Rain-splash and running water are two of the most important detaching 
agents that remove soil particles from soil surface. Detached soil particles are transported by running 
water. When sufficient energy is no longer available to transport soil particles, a third phase, 
deposition, occurs.  
                                                 
1 Ph.D. Candidate, Department of Civil and Environmental Engineering, Colorado State University, Fort Collins, 
Colorado, USA (maxshih@engr.colostate.edu) 
2 Borland Professor, Department of Civil and Environmental Engineering, Colorado State University, Fort Collins, 
Colorado, USA (ctyang@engr.colostate.edu) 
3 Senior Project Manager, HydroQual, Inc., 1200 MacArthur Blvd., Mahwah, NJ 07430, USA 
(mvelleux@hydroqual.com) 
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Soil erosion in a watershed caused by running water can be classified as hill slope erosion or 
land slide, debris flow erosion, and surface soil erosion. Surface soil erosion is an integrated process 
of rainfall splash detachment, sheet flow erosion, inter-rill flow erosion, and rill flow erosion. Most 
eroded materials are topsoil which is mainly composed of sand, silt, and clay. Surface soil erosion is 
a complicated problem affected by micro-topography, land cover, surface material, flow 
characteristics, boundary conditions, etc. Numerical models are often used to predict the surface soil 
erosion processes in a watershed. Each calculating element in a numerical model contains 
information of micro-topography, flow type, and flow characteristics. It is difficult to have an 
analytic solution to predict soil erosion processes. Therefore, empirical approaches using physically 
based parameters should be used for the estimation of surface erosion rate.  
Yang’s (1972, 1973, 1976) unit stream power equations for sediment transport in alluvial 
channels have been tested and verified by laboratory and field data. Laboratory and field data of 
overland flow erosion were collected by Kilinc (1972), Gover (1985), Aziz and Scott (1989), Guy 
(1990), and Gabet and Dume (2003). Regression equations obtained from their data have limited 
range of application. A more generalized equation will be developed in this paper for the estimation 
of surface erosion rate. 
Bed load sediment transport formulas in a power function type were recommended by Foster 
and Meyer (1972) and Gilley (1985) for the estimation of surface erosion rate. Factors and 
mechanics of surface erosion caused by water flows were reviewed by Julien and Simons (1985) and 
Prosser and Rustomji (2000). The current study uses energy dissipation rate to estimate erosion rate 
caused by overland flows. The results present a physically based model with the theoretical results 
verified by published laboratory and field experiment data. 
 
 
2. OVERLAND FLOW CHARACTERISTICS AND PHYSICAL PARAMETERS 
 
During a rainfall event, rain drops hit ground surface and detach surface particles from soil mass. 
Soil particles may be deposited on surface after raindrop detachment because no excess surface 
runoff can transport those particles downstream. For shallow sheet flows, rain drops may disturb 
overland flow and reduce the critical condition of particle entrainment. Once particles are detached 
from surface, surface flow may carry particles downstream. In this case, flow and raindrops are 
dominant. As flow depth increases in the downstream direction, rain drop impact decreases, and 
surface flow dominates particle detachment and transport. 
According to previous studies, relevant variables for soil erosion can be grouped into rainfall 
impact, flow characteristics, and bed conditions. Figure 1 illustrates surface soil erosion process on 
bare soil surface. The physical parameters which can represent each group are described herein. 
 
Rainfall Impact- 
 
Influence of rainfall can be represented using rainfall intensity ( ), ratio of rainfall 
intensity to flow depth ( ) (Ferro, 1998), rainfall velocity ( ), rainfall power ( ), or 
ratio of rainfall intensity to flow velocity ( ). Rainfall velocity and rainfall power can 
be expressed as  
i
hi / iV iP
Vi /
 
  (Schmidt, 1993) (1) 07.06.6 iVi =
 
 
2
cos2 θρ i
i
iVP =  (Gabet and Dunne, 2003) (2) 
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where ρ  = density of water (1000 3/ mkg ), θ  = hill slope angle, and Vi /  = a 
dimensionless ratio between input flow length and lateral input flow depth per second per 
unit flow area.  
 
low characteristics – 
 
F
 Most sediment transport equations (Graf, 1971; Yang, 1972; Foster and Meyer, 
1972 and 1975) consider flow velocity (V ), stream power per unit width ( qS ), unit 
stream power ( ), or shear stress VS (τ ) as dominate variables. Besides these variables, 
energy slope ( eS ), unit discharge ( q ), flow depth, Reynolds number (Re) and Froude 
number (Fr) are some of the physical parameters used by many for the estimation of 
erosion and sediment transport rate. Reynolds number represents the ratio of inertia force 
to viscosity force. Froude number represents the ratio of inertia force to gravity force. 
They are defined as  
Re
 
ν
Vh=  (3) 
 
 
gh
VFr =  (4) 
 
where ν  = kinematic viscosity of water, and g = gravitational acceleration.  
 
ed condition – 
 
and flow critical condition for particle 
entrainment is ignored in the study. 
plied in the following sections to determine the significance of 
param ters using laboratory data. 
 
B
 Bed roughness and particle entrainment can dissipate flow energy and decrease the 
efficiency of sediment transport capacity. For overland flow, micro-topography has a 
significant effect on flow and flow erosivity. Bed particle size ( sd ) and relative 
submergence ( sdh / ) or relative roughness ( hds / ) are used to express the bed condition 
in this study. Yang (1979) suggested that incipient motion criteria can be disregard when 
sediment concentration is greater than 100 ppm by weight which is much less than that of 
overland flow. Therefore, assume that overl
 
Correlation analyses are ap
e
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Figure 1 Particle detachment, transport and deposition on bare soil surface 
 
 
3. EXISTING DATA 
 
In order to increase the statistical significance, a large number of sample are needed. Laboratory 
data by Kilinc (1972), Gover (1985), Aziz and Scott (1989), and Guy (1990) are used to determine 
the significance of physical parameters and develop regression equations to estimate surface soil 
erosion. A total of 158 sets of data including 42 set of data taken from simulated rainfalls are used in 
this study. The ranges of each parameter are presented in Table 1. Mean particle size (d50) is used to 
represent particle size ( ), and flume slope or soil surface slope (S) is used as energy slope of 
overland flow. 
sd
 
Table 1. Summary of laboratory data of overland flow sediment transport experiments.  
 
Parameter Concentration (mgl) 
d50  
(mm) 
Slope 
(m/m) 
Rainfall 
intensity 
(mm/hr) 
Unit flow 
discharge 
(m2/s) 
Flow Depth 
(mm) 
Max 612504 1.0 0.4 223 0.004732 11.6 
Min 959 0.2 0.02 32 9.07E-06 0.2 
 
Parameter V  (m/s) 
VS 
(m/s) 
qS 
(cms/m) 
τ  
(N/m2) Re Fr 
Max 0.706 125.73 0.4637 0.866 54.806 4.61 
Min 0.019 0.38 0.0002 0.007 0.002 0.27 
 
Parameter h/ds 
Vi 
(m/s) 
Pi 
(kg/sec) i/V 
i/h 
(1/sec) 
Max 29.95 3.35 0.35 0.0013 0.151 
Min 0.99 2.92 0.035 7.16E-05 0.018 
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Besides the use of above laboratory data for regression analysis, field experiment data 
collected by Barfield et al. (1983) are used to validate the developed regression equations. Field 
erosion experiments were done on an area of 4.6 m by 22.1 m on 9 percent slope. The observed 
hydrograph and sediment graph of Run No. P33231 and Run No. P33131 experiments are used to 
compare with simulated results from this study. The soils in the field were wet and tilled topsoil. 
Table 2 summaries the field test conditions. 
 
Table 2. Summary of field experiment runs (Barfield etc., 1983) 
 
 Bed Material 
Rainfall 
Intensity 
(mm/hr) 
Rainfall 
Duration 
(min) 
d50 
(mm) 
Soil Erodibility 
Factor 
 K 
Run No. P33231 66 0.437 
Run No. P33131 
Tilled & wet topsoil 
61 
30 0.06 
0.388 
 
4. POWER FUNCTIONS AND DOMINANT PHYSICAL VARIABLE 
 
Due to the large number of variables involved for complicated hydrology and hydraulic problems, 
the power function type of models is often used to obtain a statistical solution. A power function 
may provide a better fit with data than a linear model (McCuen, 1992). For the p-predictor variable 
(Xp), the power model takes the form: 
 
   (5) pbp
bb XXXbY Λ21 210ˆ =
 
where =Y) dependent variable, = independent variables, and , , … = coefficients. For 
alluvial bed, sediment bed material load equations can be expressed by the following basic form 
(Graf, 1971; Yang, 1972; Foster and Meyer, 1975): 
iX 0b 1b 2b pb
 
  (6) Bes Aq Ω⋅=
 
where qs = sediment discharge per unit width; A and B = parameters related to flow and sediment 
conditions; = effective dominant variable. This type of relationship is also used to estimate 
overland flow erosion capacity in this study. Most of previous studies suggest that flow rate, flow 
velocity, shear stress, stream power, or unit stream power are dominant factors for sediment 
transport. Therefore, basic forms of overland flow erosion equation can be expressed as  
eΩ
 
  (7) Bs VAq ⋅=
 
 ( )BBs hVAqAq ⋅⋅=⋅=  (8) 
 
 ( )BBs ShAAq ⋅⋅⋅=⋅= γτ , or ( )Bs ShAq ⋅⋅∝  (9) 
 
 ( )Bs VSAq ⋅⋅= γ  , or ( )Bs VSAq ⋅∝  (10) 
 
 ( ) ( )BBs VShAVAq ⋅⋅⋅⋅=⋅= γτ  , or ( )Bs VShAq ⋅⋅⋅∝  (11) 
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 ( ) ( )BBs VShAqSAq ⋅⋅⋅⋅=⋅⋅= γγ  , or ( )Bs VShAq ⋅⋅⋅∝  (12) 
 
where =γ specific weight of water which is treated as a constant in this study. The product of VS  is 
the unit stream power per unit weight of water; Vτ is stream power per unit bed area; qS  is stream 
power per unit width. Equations (11) and (12) show that Vτ  and qS  have the same dimension for 
overland flow. 
In a laboratory, unit discharge and surface slope can be directly measured. These variables can 
be used for the estimation of sediment load (Julien and Simons, 1985; Prosser and Rustomji, 2000), 
i.e.  
 
  (13) βα Skqqs =
 
where k, α  and β  = coefficients which vary with flow and surface conditions. The values of 
9.12.1 <<α  and 4.24.1 << β  are recommended by Julien and Simons (1985). The values of 
8.10.1 <<α  and 8.19.0 << β  are recommended by Prosser and Rustomji (2000). 
In this study, laboratory data are used to test the goodness of fit of six regression equations. If 
data collected during rain falls are excluded, only 116 sets of data of surface flow are used to make a 
simple regression analysis. Sediment concentration is treated as a dependent variable. The results 
and ranking based on their correlation coefficient, R2, are  
 
  (14) 879.0,)(4.4684972 2217.1 == RVSCmgl
 
  (15) 840.0,75847241 2741.14.0 == RSqCmgl
 
   (16) 714.0,)(19709844 268.0 == RqSCmgl
 
  (17) 680.0,)(161366 211.1 == RCmgl τ
 
   (18) 667.0,)(6.172856 2519.1 == RVCmgl
 
  (19) 458.0,)(1243153 2554.0 == RqCmgl
 
The above results show that Equations (14), (15), and (16) have higher correlation. As 4.1=α  
and 741.1=β  are used for Equation (13), it becomes Equation (15). Due to the lack of physical 
meaning, Equation (15) is not considered further. Unit stream power is the most significant variable 
among all parameters. The variation of coefficients may depend on flow, surface and rainfall 
conditions. Soil erosion equations developed in the next section will consider these factors. 
 
 
5. CORRELATION AND REGRESSION ANALYSIS 
 
In order to make coefficients vary with physical variables in a power function, a correlation analysis 
is used to determine the significance of physical parameters. Table 3 summaries the correlation 
analysis of 158 laboratory data. Unit stream power has the highest correlation of 0.88 compared with 
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other variables. Froude number has a higher correlation than Reynolds number because overland 
flow is a gravity flow. In each group, variables with high correlation are chosen to represent their 
individual physical impact. Slope, unit discharge and Froude number are selected to describe flow 
condition. Relative submergence is chosen to represent surface condition. Ratio of rainfall intensity 
to flow velocity has highest correlation with rainfall impact. Therefore, the sediment concentration 
can be expressed as  
 
 )/,/,,,,( VidhSqFrVSfC smgl =  (20) 
 
In this study, unit stream power has been shown as the most significant dominant variable. 
Equation (6) can be presented as  
 
 ( )Ks VSMC ⋅= γ  (21) 
 
M and K are functions of other physical parameters and λ  is 981 N/m3. Gilbert (1914) showed that 
M always increases linearly with increasing value of K. Hence, M and K can be expressed as   
 
 654321 mqd
hmqm
d
hmSmFrmM
ss
+⎟⎟⎠
⎞
⎜⎜⎝
⎛ ⋅⋅+⋅+⋅+⋅+⋅=  (22) 
 
 654321 kqd
hkqk
d
hkSkFrkK
ss
+⎟⎟⎠
⎞
⎜⎜⎝
⎛ ⋅⋅+⋅+⋅+⋅+⋅=  (23) 
 
where mi and ki = coefficients. To include non-linear rainfall impacts 
J
V
i ⎟⎠
⎞⎜⎝
⎛ +1  is used to modify 
Equation (21) and yield   
 
 ( ) JKs V
iVSMC ⎟⎠
⎞⎜⎝
⎛ +⋅⋅= 1γ  (24) 
 
where constant. =J
 
Non-linear regression analysis is used to determine the coefficients of proposed soil erosion 
formulas, Equations (21) and (24). The regression equation obtained by using surface flow data 
without rainfall is 
 
 ( )Kmgl VSMC ⋅= γ ,   R2=0.954 (25) 
 
where 
 
 5.4803.859.2718659.218.49352.403 +⎟⎟⎠
⎞
⎜⎜⎝
⎛ ⋅⋅+⋅+⋅−⋅−⋅= q
d
hq
d
hSFrM
ss
 (26) 
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 16.15.01.5402.07.317.0 +⎟⎟⎠
⎞
⎜⎜⎝
⎛ ⋅⋅−⋅−⋅+⋅+⋅−= q
d
hq
d
hSFrK
ss
 (27) 
 
For all 158 sets of data, including those collected during rainfall 
 
 ( ) JKmgl V
iVSMC ⎟⎠
⎞⎜⎝
⎛ +⋅= 1 ,   R2=0.905 (28) 
 
where 
 
 7.8278.181243.429553.584.28639.201 +⎟⎟⎠
⎞
⎜⎜⎝
⎛ ⋅⋅+⋅−⋅−⋅−⋅= q
d
hq
d
hSFrM
ss
 (29) 
 
 47.18.21.3902.01.111.0 +⎟⎟⎠
⎞
⎜⎜⎝
⎛ ⋅⋅−⋅−⋅+⋅+⋅−= q
d
hq
d
hSFrK
ss
 (30) 
 
 J=1652.8 (31) 
 
Both equations have high R2 values. Figure 2 shows the agreement among predicted and 
observed sediment concentrations. 
 
 
6. PRACTICAL APPLICATION AND DIMENSIONLESS SOIL ERODIBILITY 
FACTOR K’ 
 
For bare soil surface, soil erosion or yield can be expressed as  
 
 Soil Yield y)Erodibilit Erosivity,(f=  (32) 
 
In Equation (32), erosivity is the soil loss potential caused by overland flow and raindrop 
detachment, and erodibility is the inherent susceptibility of soil particles or aggregates to become 
detached or transported by erosive agents such as rainfall and surface runoff. From previous section, 
Equations (21) and (25) can be used to estimate soil yield for sand material. The most commonly 
used erodibility factor is the K(tons/acre) value in Universal Soil Loss Equation (USLE). Dion 
(2002) suggested erodibility factor Ks, = 0.1 tons/acre for fine sand. In order to apply the equations 
developed from this study, the following dimensionless soil erodibility factor K’ is used  
 
 
1.0
' K
K
KK
S
==  (33) 
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Figure 2. Agreements of non-linear regression equations. 
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 q h V S qS 
 
Table 3. Correlation table of collected 158 laboratory data  
 
 Cppm S V τ  Re Fr d50 h/ sd  V i i Pi i/V i/h 
Concentration, Cppm 1 0.70  -0.04  -0.15 0.21  0.88  0.22  0.22  -0.08 0.75  -0.11 -0.09 0.18  0.24  0.15  -0.10 0.21 
Slope, S 0.70  1 -0.43  -0.50 -0.24 0.62  -0.19 -0.16 -0.40 0.56  -0.31 -0.45 0.32  0.51  0.28  0.04  0.44  
Unit flow discharge, q -0.04  -0.43  1 0.95  0.89  0.20  0.83  0.82  0.96  0.08  0.58  0.76  -0.54 -0.65 -0.51 -0.45 -0.54 
Flow Depth, h -0.15  -0.50  0.95  1 0.79  0.06  0.71  0.76  0.93  -0.05  0.72  0.72  -0.56 -0.68 -0.53 -0.46 -0.56 
Flow Velocity, V 0.21  -0.24  0.89  0.79  1 0.49  0.86  0.83  0.75  0.45  0.43  0.74  -0.55 -0.66 -0.53 -0.54 -0.55 
Unit Stream Power, VS 0.88  0.62  0.20  0.06  0.49  1 0.50  0.48  0.10  0.85  0.04  0.05  -0.07 -0.03 -0.09 -0.29 -0.04 
Stream Power, qS 0.22  -0.19  0.83  0.71  0.86  0.50  1 0.96  0.73  0.25  0.52  0.51  -0.45 -0.54 -0.43 -0.39 -0.45 
Shear Stress, τ  0.22  -0.16  0.82  0.76  0.83  0.48  0.96  1 0.73  0.22  0.67  0.47  -0.47 -0.56 -0.45 -0.43 -0.46 
Re -0.08  -0.40  0.96  0.93  0.75  0.10  0.73  0.73  1 -0.01  0.59  0.68  -0.46 -0.56 -0.44 -0.38 -0.46 
Fr 0.75  0.56  0.08  -0.05 0.45  0.85  0.25  0.22  -0.01 1 -0.15 0.09  -0.08 -0.04 -0.10 -0.36 -0.07 
d50 -0.11  -0.31  0.58  0.72  0.43  0.04  0.52  0.67  0.59  -0.15  1 0.10  -0.40 -0.44 -0.38 -0.36 -0.41 
h/ds -0.09  -0.45  0.76  0.72  0.74  0.05  0.51  0.47  0.68  0.09  0.10  1 -0.45 -0.57 -0.43 -0.36 -0.46 
Rainfall intensity, i 0.18  0.32  -0.54  -0.56 -0.55 -0.07 -0.45 -0.47 -0.46 -0.08  -0.40 -0.45 1 0.85  1.00  0.86  0.94  
Rain velocity, Vi 0.24  0.51  -0.65  -0.68 -0.66 -0.03 -0.54 -0.56 -0.56 -0.04  -0.44 -0.57 0.85  1 0.82  0.70  0.84  
Rain Power, Pi 0.15  0.28  -0.51  -0.53 -0.53 -0.09 -0.43 -0.45 -0.44 -0.10  -0.38 -0.43 1.00  0.82  1 0.87  0.93  
i/V -0.10  0.04  -0.45  -0.46 -0.54 -0.29 -0.39 -0.43 -0.38 -0.36  -0.36 -0.36 0.86  0.70  0.87  1 0.77  
i/h 0.21  0.44  -0.54  -0.56 -0.55 -0.04 -0.45 -0.46 -0.46 -0.07  -0.41 -0.46 0.94  0.84  0.93  0.77  1 
 
 
 
The 7
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An equation for the computation of overland sediment transport rate can be expressed as 
 
  (34) '3 '10 mgls CqKq ⋅⋅=
 
where qs = sediment transport rate (kg/m3) and  = concentration calculated from Equation (25) 
or (28) in this study. 
'
mglC
 
 
7. MODEL TEST USING ONE DIMENSIONAL OVERLAND FLOW EROSION 
SIMULATION 
 
Experiment field data from Barfield et al., (1983), as shown in Table 2, are used to examine 
equations developed in this paper. A one dimensional (1-D) diffusion wave routing model is 
developed to simulate hydrologic condition and predict soil erosion or yield. The 1-D diffusion 
wave equation of overland flow is a partial differential equation  
 
 ( fi
x
hD
x
hc
t
h
d −=∂
∂−∂
∂+∂
∂
2
2 )  (35) 
 
where Vc η= , 
e
d S
VhD
2
= , t = time, f = soil infiltration rate, and x = distance. If Manning equation is 
used to represent flow resistance, then, η = 5/3 and  
 
 Vc
3
5=   (36) 
 
where 
x
ySh
n
Sh
n
V e ∂
∂−== 3/23/2 11 , and n = Manning roughness coefficient. The numerical 
solution of 1-D diffusion wave can be obtained by using MacCormack scheme (MacCormack, 
1971). 
In the MacCormack scheme, the derivative operator is the average of the forward and 
backward operators such that 
 
 
2
*** hhh +=  (37) 
 
where h = predicted flow depth, and ,  = one-sided forward and backward differences, 
respectively. Equation (35) can be approximated by a forward difference in time and in space 
(FTFS) to give predictor step 
*h **h
 
 
 jn
j
n
j
n
j
n
numd
j
n
j
n
j
nn fi
x
hhhDD
x
hhc
t
hh )(2)( 2
111
*
−=Δ
+−+−Δ
−+Δ
− −++  (38) 
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 ( ) ( ) tfihhh
x
tDDhh
x
tchh jn
j
n
j
n
j
nnumd
j
n
j
n
j
nn Δ−++−Δ
Δ++−Δ
Δ−=⇒ −++ )(2)( 1121*  (39) 
 
where = time step, = distance step, j = simulation time, n= simulation location, = the 
truncation error of the advection scheme includes a numerical diffusion term (Julien, 2002), and  
tΔ xΔ numD
 
 ⎟⎟⎠
⎞
⎜⎜⎝
⎛ Δ+Δ−+=+
222
2 xctc
S
VhDD
e
numd  (40) 
 
Similarily, Equation (35) can be approximated by a backward difference in time and in space 
(BTBS) to give the corrector step 
 
 *2
*
1
**
1
*
1
****
)(2)( nnnnnumdnnnn fix
hhhDD
x
hhc
t
hh −=Δ
+−+−Δ
−+Δ
− −+−  (41) 
 
( ) ( ) tfihhh
x
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Usually, the Courant number,
x
tV
x
tcCc Δ
Δ=Δ
Δ=
3
5 , is used to check numerical scheme stability. 
MacCormack scheme is stable if the Courant-Friedrich-Levy (CFL) condition is satisfied which is 
. 1≤cC
The field experiments of Run No. P33231 and Run No. P33131 are used to test the 1-D 
diffusion wave model and the developed soil erosion equation, Equation (28). The suggested 
Manning roughness and average infiltration rate of numerical simulation are presented in Table 4.  
 
Table 4. Suggest Manning n and average infiltration rate  
 
Run No. Manning n Average infiltration rate, f (mm/hr) 
P33231 0.13 10.5 
P33131 0.10 4.5 
 
The simulation results and observed data are plotted in Figure 3 and Figure 4 with good 
agreements between predicted value and observed data. For the 1-D numerical model, the maximum 
Cc values of simulated Run No. P33231 and Run No. P33131 experiments are 0.49 and 0.58. This 
shows that the 1-D overland flow scheme and developed soil erosion equation can represent soil 
erosion processes of overland flow very well. 
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Figure 3. Comparison between predicted results and observed data for Run No. P33131. 
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Figure 4. Comparison between predicted results and observed data for Run No. P33231. 
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8. CONCLUSION 
 
The study results show that the use of a regression power function can describe the complicate 
overland flow erosion processes. The basic assumption used for channel bed load sediment transport 
equation can be applied to the development of overland flow erosion equations. Unit stream power 
has the highest correlation among all dominant variables for the determination of surface erosion 
rate.  
Overland flow erosion data collected from laboratory are used in this study. Two regression 
equations with high regression coefficients are developed using non-linear regression analysis. 
Equations based on the use of unit stream power can accurately estimate soil erosion rate on hill 
slope.  
For practical purposes, a dimensionless erodibility, K’, is recommended for calculating 
sediment yield rate in the field. A 1-D diffusion wave routing simulation model was developed 
using the MacCormack scheme. Two experiment runs of field data (Barfield et al, 1983) agree with 
simulated results using the soil erosion equation and the 1-D diffusion wave routing model 
developed in this paper. Laboratory and field data show that the developed equations using unit 
stream power as their dominant variable have very high reliability for the determination of erosion 
rate of overland flow. 
The unit stream power method has been shown to be a powerful tool for the analysis of 
erosion and sediment transport in alluvial channels. This study also demonstrates that unit stream 
power can be successfully applied to the analysis of surface erosion rates.  
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